g T 'u ';'73
LA-UR-79-2514 W‘A&h!‘a\

9
o
| —
@
=
©
@)
e
o
>
=
n
S
()
i
=

Form No. B3G R3
S1. No, 2629
12/78

Ve AJ/:_ VAU AR RV

TITLZ: LAMPF OPERATIONS AT 500 uh

AUTHORI(S): p. c. nagerman

SUBMITTED TO: 1979 Linear hccelerator Conference,
Montauk, NY, Scptember 10-14, 1979

NOTI)

By acceptance ol Uiy arncle, the publisher tecogises that the

US Governmment et a noneschirgue royalty free hiornse
to publish o reproduce the lmhh-.lu-(\!mm of this contrhu

ton, or 1o allow others 10 do so, lord)s Goveroment pur

|HOOY

The Los Alamos Scienthe Lahoratory e quests that the pub
lisher adentify tus aucle as work performed under the aus
prces of the U'S Department of Energy

LOS ALAMOS SCIENTIFIC LABORATORY

Post Office Box 1663 Los Alamos, New Mexico 87545
An Affirmative Action/Equal Opportunity Employer

UNITED STATES
DEPARTMENT OF INCRGY
CONTRACT W-7405-ENG. 136

- /(/“



About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


1979 Linear Accelerator Conference

LAMPF OPERATIONS AT 500 pA*

D. C. Hagerman
Los Alamos. Neu Mezxico 87544

Summary

LAMPF now operates reliably producing 500 uA of H™ beam and
a few uA of H- beam or 10 nA of polarized H beam. Bvam loss in
the accelerator is quite acceptable at these currents "™~ -] '
performance has been achieved through solution of a wide variety of
accelerator problems and a continuous evolution of the expernnen-
ta: areas. The future of the facility is promising both in terms of the
existing experimental programs and the opportunities for signifi-
cant facility improvement projects.

Introduction

The Los Alamos Meson Physics Facility"* (LAMPF) accelerator
has matured in the sense that it runs reliably at significant currents
and apparently can fulfill all of the expectations of its designers and
builders. In addition to the high-current beam a low-current H
beem is simultaneously produced; this combined operation satisfies
the needs of a very broad research progrum. It lias taken more than
seven years, after the first full-energy beam, o reach this level of
performance; this rather lengthy time scale has many different
causes includ:ng complexity of the accelerator, unprecedented
beam currents, need for production operation pre-empting time for
accelerator development, lack of adequate test dumps for high-
current beams, and budgetary problems. Nonetheless, this machine
has served the needs of the research program very well for several
years in addition to being a major step in the art of a-celerator
technology.

General descriptions of this accelerator are given in several
sources.!.23 Briefly, the machine simultaneously produces H* and
H- beams at a mazimum energy of 800 MeV. The H* ion source is a
duoplasmatron.4 The H- ions are provided from either a
duoplasinatron charge-exchange source or a Lamb shift polarized
source. Each source has its own Cockcroft-Waiton machine to ac-
celerate the ions to the 750-keV injection energy. Acceleration® from
750 keV to 100 MeV is accomplished in a drift-tube accelerator that
is post coupled above 5 MeV; this operates at an rf frequency of
201.25 MHz. From 100 to 800 MeV & side-coupled accelerator is
used operating at 805 MHz. The overall length of the accelerator is
~780 m. Peak rf power required is about 50 MW . The macroscopic
beam duty factor is 7.5% with 120 macroscopic pulses/s. The H*
beam is the high-intensity beam and is used primarily for meson
production. The H- beams are low intensity and used for a variety
of nucleon-nucleon or nucleon-nucleus research programs.

Progress in Beam Quality

A simple measure of our progress in beam quality is shown in
Fig. 1 which displays the relative beam inducea activation (nor-
malized to pro uction current) of the high-energy portion of the ac-
celerator as a function of H* production current. The beam induced

*Work performed under the auspices of the Depsriment of Energy.

*sThe formal name is the Clinton P. Anderson Meson Physics Facility
located at Los Alamos, New Mexico, U § A,
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Fig 1
A short history of accelerator activation and LAMPF average
production beam currents. Activation is the average of 67 separate
measurements in the side-coupled linac betueen 240 and 80O Me V.
each measurement is at a limiting aperture. The dates are a feu
days to a feu weeks after start of production operation at that cur-
rent.

activation has been averaged over many locations and long periods
of time 8o it is a trend indicator rather than a measure of the quality
of any particular beam. If the emittance of the beam increased with
current and the accelerator acceptance was unchanged during the
period described by tnie figure, the activation would have increased
faster than the current increased. Instead. this measure of beam loss
dropped nearly a factor of 40 while the current was increased a fuc-
tor of 13. This improved performance is the result of toth reduced
beam emittance at injection and improved acceptance of the ac-
celerator.

The improvements in the emittance of the H* beam at injecticn
have resulted from a variety of geometry and field changes in the
source. In general, apertures are now smaller, hvdrogen pressure
and arc current are higher, and the extraction field has been
modified from the original Pierce geometry. The result of these
changes is that the vmittance of an B-mA beam is now about the
same as that of u 2-mA bhear afew years ago.

Improving the acceptance of the accelerator has been an iterative
process since the first operation of the machine. One of the perplex-
ing aspects of this development work has beei. the difficuhy in
determining at any particular stage of development the dominant
cause of beam spill. This difficulty ie caused in part by the very



achromatic heam transport of the accelerator which can transport
off-energy beam a long distance before 1t hits the wall of the ac-
celerator and is detected by a spill monitor For example, beam spnll
at that location in the accelerator corresponding to, for example, a
beam energy of 365 MeV can be caused by any one or combination
of the following: (a) improper adjustment or operstion of any of the
24 rf amplifier accelerator structure subsyatems upstream of this
point. (b) some defect in injector operation or adjustment, (¢) poor
steering causing the heam to strike the wall at thia location or be ac-
celarated improperly at some upsatream location, and (d) misadjust-
ment of some quadrupole focusing element causing a large radial ex-
cursion in the beam envelope at this point. Anyone of these dif-
ficulties can be masked by some other compensating defect for that
particular spill location; yet, when two things are wrong the overall
machine acceptance ir reduced even though some localized spill 15
improved. This extremely complex sel of inter-relationships has
been partially unraveled Ly many different development projects,
nearly all of which required a significant effort in computer simula

tion of the beam in the accelerator. In addition, reliability and
reproducibility of machine parameters ha. hecn greatly improved
by diligent attention to the quality and performance of accelerator
components. Some specific problem areas that have received atten

tion are:

1. Comprehensive studies searching for the optimum longitudinai
tune of the machine {i.e., optimum phare and amplitude values for
the accelerating field) huve been done. This problem has required
development of very accurate techniques for measurement of heam
propertie~ since all accurate phase and amplitude setpoints are
derived from observed effects of the field on the heam

2. By using a combination of the beam ar an indicator of misalign
ments and the best available surveying techniques, the machine has
been systeraatically realigned.

3. 'The long (~12 m) 750-keV transport lines connecting the injec-
tors to the accelerator are troublesome since the heams have vary-
ing degrees of space charge neutralizetion along the transport
system. Much of the tuning done in these lines is still very
pragmatic in nature.

4. The general problem of niatching simultaneously both H- and
H- beams is one of the major limitations in machine perforn;ance.
These beams have different emittances and intensities at injection,
hence, apace-charge forces are different. Further in the 100-MeV
transition region where the beams are spatially separated not
enough degrees of freedom are avaiiable to setisfactorily match both
beams into the sia. coupled linac.

A more quantitative measure of the degree of perfection of our
present beams ioc that at 500-uA H* production current the beam
lost between 70 and 800 MeV ranges from s few parts in 5000 to 2
parta in 500 Wwith the typical value of 1 part in 1000.  The off-
energy portion of this beam thst is lost in the switchyard is
significantly less than | part in 10 000. When an H beam of 3to 5
uA is accelerated simultaneously with the 500-uA H* beam, spill is
increased in a minor way at a few locations.

Accelerator Tuneup

The procedures for complete tuneup are now very well understood
with only a few exceptions associated with radial beam matching
and optimization of drift-tube linac performance. Assuming that all
equipment is operational and no mnior increase in beam current iu
planned romething like three shifte are necessary for a complete
tuneup. Six to nine shifts are usually scheduled for this activity at

the start of 8 cycle since we continue 1o make changes in the 1on
BOUTCER OF CUTTENT On 8 (vile by ovele bacie

The reproducibiliny and stabihty of the equipment 1 neow goord
enough 8o that 8 complete retune is required only three ro bive tmee
a year. This reproducibility was strengthened significantls by the
development of red.indant methods of measuring and svetemutic
monitoring of the mos' important sccelerator parameters By usng
all the inform “tion available, 1t 16 practical and routine to reproduace
s satisfactory beam in short order even though one or more setpont~
have heen lost due to equipment failures

The contro! computer of course is essenuial 1n any tune up
operation.® Some idea of the complexity of the tuneup cur be
gained from the briel listing of the mare imporant tuning
algorithms or measurement techniques given below. Nearlv ali
measurements are proceased through the computer which trane
forms the data into some easily understood form

e Transverse Tuning

1. Emittance measurements” provide bheam size, orientation
centroid position, and centroid angular information that s used a-
input to matching and steering programs so that the bearn, i< proper
ly focused and steered into the accelerator

2. Wire ncanners provide heam position and size information vaed
for steering and check of radial match. Heam position can als b
measured by 8 nonintercepting svetem

3. Experimental area beam profile measurements are made with:
harps or wire scanners.”

4. Experimental area main beam-line magnets are sel up using u
computer algorithm that cycles the magnets to selected Neld
strengths

« Longitudinal Tuning

1. Drift-tube accelerator phase and amplitude setpoints are deter
mined from phase-scan measurements that are compared with comn,
puter simulations. These measurements also include & differentin!
phase scan 1o meanure phase width of thr ,eam entering the side
coupled linac.

2. A beamn energy measurement using . time-of.flight method
based on rf meusurement techniques in combination with a detailed
simulation of the side-coupled linac is used to determine phase anc!
amplitude setpoints between 100 and 800 MeV. This is the only tul
ly automated closed-loop tuning algorithm presently in use

3. Energy width and low-energy components of the beam are
measured in the switchyard where the beam transports provide
energy dispersinn. These measurements are particularly valuahle in
elucidatirg minor errors in tae longiiudinal tune.

¢ Display Programs

1. A wide variety of computer displays are in use thal present aq
celerator and beam parameters in a variety of formats. Graphica!
displays are particularly valuable when evaluating machine per
formance.

*The main control computer can be turned off during product:on with. !
losing beam or any element of beam protection Operation of one smaller
computer is required at all times to maintain integrity of beam protectinn
devicen in the experimental area



2 All imporant parameters are monitored, significant changes n
value are automatically called to the strention of the nperator

e Protection Methods

1. The usual sort of hardwired “run-permit’ svatem controls person
nel access w vd requires that the necessary equipment he on’” before
bean. can be turned or,.

2 A "fast-protect’ svstem” rwitches off beam on a 10-ux time scale
in the event of malfunction of an rf amplifier. excessive hean loss.
el

4 Bean. transmission s continuously monitored by radiation
detectors and differential current-measuring devices These turn oft
the machine automatically if losk exceeds 8 predetermined value

Beam Availability and Machine Reliahility

During FY 1979 (Oct 1978.Sept 1979), production beam was
scheduled for nearly 4620 h and long-term average bheam
availability was typically in escess of B80%. Of course, beam
availabilty hes wide veriations from day to dav Iifficulties that
cause extended ofl periods (410 24 by are infrequent, duning the past
vear this level of dificulty hat been cauced by jon-source problems.
control
or rf-svitem fault 1n the dnlt-tube accelerator Ofl perinds ranging
from 8 few minutes to 4 h are more frequent and are caused by
miner vacuum (ailures, tube faults. or minor failure of some sub

computer pmblems, MAJOTr POWET OUlages, OF SOMe VACUUIN

avslem

The availahility of the experimental area playvs an important role
in overall heam availability. some of 1its particular problems are dis
cuesed below  Unfortunatels. when s major experimental area
problem arnses 1ts repair 1s frequentiy 8 metter of weeks which
cauwes s major shift 1n schedules Sensible definitions of heam
availability in that circumstance are Jacking [uring FY 1979 we
had nne such incident that occurred between productinn eveles and
caused a delay of the next production evele for ahout two months

Use of the facility s scheduled in terms of production eveles that
have recent]y ranged in length from k1o 1h wecks In each produc-
tion cyvcle. maintenance davs (24-h total heam interruption: arce
scheduled on alternate weeks Short development periods (12 h) are
aln; scheduled on alternate weeks Longer development periods are
scheduled at midcvcle and before and after each cycle During the
cvcle. each week har on the average 132 h of production beam:
scheduled

During the design of LAMPF, electron tube lifetime was a major
concern and it was thought that this would be a strongly limiting
factor on beam availahility. Happily thie har not been the case. Our
latest information on tube lifetime 1k given in Table I for some of the
more important tube.  The klvatron information should be
statirticelly sound due to the large amount of operating experience
In all casen, the data clearly displavs 8 very satisfacton range of
tube life.

The Experimental Areas

Succeasful operation and development of the acceleratur in
strongly dependent on the viability of the experimental areas. In
turn, success of the entire facility depends on the vitality of the ex-
perimental program. It is inappropriate in this naper to discuss the
experimental program but some description muat be made of the ex-
perimental areas.

The most important features of the experimental areaa’ are those
that permit simultaneous performance of 10to 12 experiments. The

TABLE1
Total Operating

Experience Mean Life
Tube Type Function (Mh) (kh)
TRiN® Trixte rf amplifier 014 1.
4CW 2 N Seres modulator (27 1ot
LPT 44°° Switch tube 17 IR
VARECA Kivetrondf amphti r 14 iy
L.a1oe Kivatror rf amphtier [ 1.
“AtUthe pme of writing LAMPE had on line twe Trc tubies that bt beees
i uke b kb

**There high-voltapr switeh tubes require reprom essing evers 21 ke

H low-intensity beam is easily sphitinto as many as three beams by
change of charge stute in thin fuils. these heams are used either tor
direct interaction studies and, or for production of neutren benms

The H* beam privides mesons in six secondary bean, channeis s
uged {or wotope production. and provides neutrinos from the bhear,
stop The beam paskes sequenuiaiiy througt. three targets then
through one or more 1sotope production targets. finally comng
rest 1n the beam stop Time sharing is used 1o provide H- hean: © &
pulsed neutron facihty A high-resalution 30-keVy provor,
apectrometer and a8 high-resolution pion spectrometer (150 ke ar
permanently installed. Two of the meson channels provide heam e
multiple caves giving great freednm in scheduling use of these par.
ticular beams

The overall utility of the H beams will be increased when the
time-shared dusl-energy operation starts next spring Increased
flexsbility in the use of the polarized bean:s will he provided when
installauon of spin-rotation equipment 1ni the switchyvard 1< con,
pleted this winter

The high-intensity H* beam (MK).uA average current @ 46 kW
beam powert must hbe verv accurately controlled in position and w1z
to avoid damage to targets, beam pipes or windows. thi~ conrrol re
quires accurate measuremen’ of beam properties and continued
monitoring of beam transmission. The targer cells are difficuh
engineering preblems. The level of induced activity is s hugh that
theyv can onlyv be serviced with remote handling techniques The
heat load from the targets is significant and all components in the
vicinity of the targets or beam stop are wubject to high levels ot
radiation damage Progress to higher current will be paced by the
ahility of the experimental area to accept increased heam power

Future Development Work

The preceeding paragraphs support the position that nearly all ot
the original expectations for the performance of LAMP'E hase been
fulfilled. The major step vet to be made i that to routine production
at the 1-mA level Thik level ol operation is nearly 1n hand from the
accelerator. Duty-factor tests 1n late August 1979 showed that 4%
duty-factor operation is practical without maior retrofitting. Recent
beam tests at peak currents of 13 mA shuw satisfactonn beam
quality so an average current from the accelerator of | mA s within
reach. However, operation at 1-mA average current may well un.
cover major problems in the experimental area which thu. far has
seen a maximum average current of only 670 uA.

Other improvements in the lacility are mainly in responge to the
requirements of the experimental program_ In the spring of 1980, a
time-sharing method of providing a lower energy H' beam will be in
operation. This will provide an H'- beam of energy. ar needed. be-
tween 400 and 800 while an H- beam of BU0 Me\" 1s produced A



more sophisticated method of dual-energy uperation has heen ex.
plored and is reported in a weparate paper at this conference

Similarly, there is a atrong demand (or higher intensity polarized
beams. The present source should be operating in late 195 at the-
30-nA level using known technology If the atomic beam sources
prove practical one of these devices will be installed in a few vears

Further in the future, a 100.uA average-current protan wlorage
ring'! is to be filled from LAMPF. This will use a high-intensity H
beam that will necessitate major changes in the H injector and
tranaport, the transition region, and the switchvard Changes in the
transition region will be made first since they will upgrade the pre
sent dual-heam operation rignificantly
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